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Specification 



1 . Title of the Invention A BIOMETER 

2. Claims 

(1) In a biometer for measuring a variation of metabolism such as oxygen 
consumption in a living body based on intensity of light which is incident on the 
living body from a light source and is reflected therefrom characterized in that: 

at least two different metering points are provided to meter reflected light 
from the living body, respective distances to the metering points from the light 
source being different, and 

a computation device is provided to compute a variation in an exponent 
part of intensities of the reflected light at the metering points on the assumption 
that reflected light intensity attenuates as an exponential function of a distance 
from a light incident point on the living body. 

(2) The biometer according to claim 1 , wherein the distance to the metering 
point from the light source is so set as to express the attenuation as an 
exponential function of the distance. 

(3) The biometer according to claim 1 or 2, wherein the light incident point on 
the living body and the plurality of metering points are arrayed on the same 
imaginary straight line. 

(4) The biometer according to claim 1 , 2, or 3, wherein the light source and the 
plurality of metering points are arranged in a window frame formed on the same 
plane as a frame body of the biometer. 

(5) The biometer according to claim 4, wherein the frame body is detachably 



1 



P625US 



mountable on the living body by an attachment. 

(6) The biometer according to any one of claims 1 to 5, wherein the light 
source is constructed in such a manner that light components in spectra of two 
or more different wavelengths are selectively emitted from the light source and 
are allowed to be incident on one point on the living body. 

(7) The biometer according to claim 6, wherein the light source is constructed 
to emit the light component in a spectrum of wavelength ranging from 600 to 
1300 nm. 

(8) The biometer according to claim 7, wherein the wavelength of the light 
component emitted from the light source lies in a certain range having a 
wavelength of 805nm as a median. 

3. Detailed Description of the Invention 
[Field of Industrial Application] 

This invention relates to a biometer for detecting metabolism of a living 
body such as oxygen consumption in the living body based on intensity of light 
which is incident on the living body and is reflected therefrom. 
[Prior Art] 

Oxygen is supplied to each part of a living body by way of hemoglobin 
existing in blood of the living body. Light absorption characteristics are 
different between two types of hemoglobin; one with oxygen is referred to as 
"oxidation-type hemoglobin" (Hb02), and the other without oxygen is referred to 
as "reduction-type hemoglobin" (Hb). There has been known a biometer for 
monitoring metabolism of a living body such as oxygen consumption in the living 
body by monitoring change of the amount of Hb and HbOa existing in each 
tissue of the living body using the difference in light absorption characteristics. 

Conventionally, the above biometer of reflective type has been classified 
into two groups: first type is a reflective oximeter of allowing light to be incident 
upon the surface of a tissue of a living body; and second type is a reflective 
oximeter in which a probe is inserted in a blood vessel of a living body to allow 
light to be incident upon the inner side of the blood vessel. 
[Problems to be Solved by the Invention] 

The former type of reflective oximeter for irradiating light onto the 
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surface of a tissue of a living body is constructed in such a manner that five 
different kinds of light components each having a different wavelength are 
incident on. one point on the surface of the living body and a relative reflective 
light intensity is compared with experimental data obtained empirically to 
calculate hematocrit and SO2 (oxygen saturation level in blood). This kind of 
biometer is liable to be complex in structure and large in size, and to cause a 
measurement error due to displacement of the measured site and a contact 
state of a light source and detector with the measured site. 

Further, there should be taken into consideration a measurement error 
due to difference of the measured sites and a measurement error due to 
difference in living body such as skin color tone. 

The second type of reflective oximeter in which a probe is inserted into a 
blood vessel involves an invasion to the living body. Further, what is obtained 
from this biometer is not information about the tissue of the living body but 
information about a state of veins and arteries of the living body. Accordingly, 
this biometer is unable to provide data concerning oxygen consumption of a 
living body during exercise and local oxygen consumption data. 

In view of the above problems residing in the prior art, a living body of 
this invention is to provide a light-weighted, compact, portable biometer that 
enables to suppress a measurement error due to displacement of a measured 
site, or a measurement error due to contact state of a light source and detector 
with the measured site, a measurement error due to difference of site for 
measurement and skin color tone, and to reliably obtain oxygen consumption 
data of a living body during exercise as well as local oxygen consumption data. 
[Means for Solving the Problems] 

To accomplish the above objects, this invention is directed to a biometer 
for measuring a variation of metabolism of a living body such as oxygen 
consumption in a living body based on intensity of light which is incident on the 
living body from a light source and is reflected therefrom. In the biometer, at 
least two different metering points are provided to meter reflected light from the 
living body, respective distances to the metering points from the light source 
being different, and a computation device is provided to compute a variation in 
an exponent part of intensities of the reflected light at the metering points on the 
assumption that reflected light intensity attenuates as an exponential function of 
a distance from a light incident point on the living body. 

Preferably, the above objects are accomplished by setting the distance 
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to the metering point from the light source in such a manner that the attenuation 
is expressed as an exponential function of the distance. 

More preferably, the above objects are accomplished by arranging the 
light incident point on the living body and the plurality of metering points on the 
same imaginary straight line. 

It is preferable to arrange the light source and the plurality of metering 
points in a window frame formed on the same plane as a frame body of the 
biometer to accomplish the above objects. 

It is more preferable to detachably mount the frame body on the living 
body by an attachment to accomplish the above objects. 

It is furthermore preferable to construct the light source in such a 
manner that the light source selectively emits light components in spectra of two 
or more different wavelengths and that the light components are allowed to be 
incident on one point on the living body in order to accomplish the above 
objects. 

Preferably, the light source is constructed to emit the light component in 
a spectrum of wavelength ranging from 600 to 1300 nm to accomplish the above 
objects. 

More preferably, the wavelength of the light component emitted from the 
light source lies in a certain range having a wavelength of 805nm as a median to 
accomplish the above objects. 
[Operation] 

In this invention, at least two different metering points are provided to 
meter reflected light from the living body with the distances to the metering 
points from the light source being different. The variation in the exponent part 
of the reflected light intensities at the metering points is computed based on the 
assumption that the reflected light intensities attenuate as an exponential 
function of the distance from the light incident point on the living body. With 
this arrangement, a measurement error due to displacement of the measured 
site as well as a measurement error due to contact state of the light source and 
detector with the measured site can be suppressed. Further, at least two light 
components in spectra of different wavelengths are selectively incident on the 
living body for measurement. This arrangement can prevent a measurement 
error due to difference in living body, e.g., due to difference in skin color tone. 
Since two metering points as a minimum number are provided, the biometer is 
simple in construction and small in size. 
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[Embodiment] 

An embodiment of tliis invention is described in detail hereinafter. 

A biometer 10 according to this invention comprises, as shown in Fig. 1, 
a frame body 1 2 in which essential parts are housed and a band member 1 6 
which is adapted to mount the frame body 12 on a living body, for example, an 
arm 14 of a human being. 

A side of the frame body 12 facing the arm 14 is formed with recesses 
18A, 18B, and 18C independent from one another. A light source unit 20, a 
first light receiving section 22, and a second light receiving section 24 are 
respectively provided in the recesses ISA, IBB, and 18C. 

The light source unit 20 includes two light emitting diodes 20A, 208 
each emitting light spectrum of different wavelength, and a ball-shaped lens 20C 
disposed on a light emitting surface of the light emitting diodes 20A, 208. 

As shown in Fig. 3, the first light receiving section 22 (second light 
receiving section 24) includes a photodiode 22A (24A) which converts received 
light into an electric component and an amplifier 228 (248) for amplifying the 
output voltage. 

The recesses 1 8A to 1 8C are covered with a transparent resin shield 26. 
The resin shield 26 has an outer surface 26A which constitutes an outer surface 
of the frame member 12. The outer surface 26A constitutes a window through 
which the biometer is rendered accessible to the surface of the living body. 

Further, the frame body 12 is built-in, in a packet form of IC, with a 
microcomputer 28, a driver 30 which is controlled by the microcomputer 28 to 
intermittently turn on and off the light emitting diodes 20A, 208 of the light 
source unit 20, A/D converters 32A, 328 which respectively analog-to-digital- 
convert output signals of the amplifiers 228, 248 to transmit the converted digital 
signals to the microcomputer 28. and a telemeter 34 which outputs a 
computation result by the microcomputer 28. 

Further, a liquid crystal display 36 is provided on a front side of the 
frame body 1 2 opposite to the side where the recesses 1 8A to 1 8C are formed 
to display a computation result by the microcomputer 28 thereon. 

The light source unit 20, the first light receiving section 22, and the 
second light receiving section 24 are, as shown in Fig. 4, located on the same 
plane including an imaginary straight line 38. 

An adhesive tape 40 is attached around the perimeter of the recesses 
18A to 18C on the frame body 12 so that the side of the frame body 12 where 
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the light source unit and the light receiving sections are fornned is rendered into 
adhesive state with the surface of the living body. 

Reference nunneral 42 in Fig. 4 denotes a remote controllable display 
device including a receiver 42A which receives an output signal from the 
telemeter 34 and a display device 42B which displays the contents of the 
received signal. 

In this embodiment, the light emitting diodes 20A and 20B constituting 
the light source unit 20 are selectively driven to emit light in spectra of 
wavelengths of 677 nm and 830 nm, respectively. 

A linear distance a from the light source unit 20 to the first light receiving 
section 22 is set at 3mm or greater. 

The microcomputer 28, which is described in detail later, is constructed 
in such a manner that the light emitting diodes 20A, 20B are alternately turned 
on via the driver 30 to compute a variation in an exponent part of light intensities 
received by the first and second light receiving sections 22, 24 based on the 
assumption that the light intensities attenuate as an exponential function of a 
distance from a light incident point, namely, from the light source unit 20. 

Next, an operation of the biometer having the above construction is 
described. 

As shown in Fig. 5, let it be assumed that the living body is irradiated at 
one incident point with two light components in different spectra of wavelengths 
from the light emitting diodes 20A, 208 with incident light amounts lo, Jo, 
reflected with light amounts la, Ja which are received by the first light receiving 
section 22 at a distance a from the light source unit 20, and reflected with light 
amounts lb, Jb which are received by the second light receiving section 24 at a 
distance b from the light source 20 (a<b), and a', b' respectively represent 
substantial lengths of optical paths corresponding to the distances a, b. 

Then, let it be assumed that the reflected light amount attenuates as an 
exponential function of a distance in accordance with Lambert-Beer law. 
The light component 1 of a wavelength emitted from the light emitting diode 20A 
is expressed as: 



The light component 2 of a wavelength emitted from the light emitting diode 20B 
is expressed as: 



la = lo exp (- a a' - B) 
lb = lo exp (- Of b' - B') 



... {1A) 
... (1B) 



Ja = Jo exp (- )3 a' - B) 



... (2A) 
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Jb = Joexp(-i3b'-B') ... (2B) 

wherein B, B' respectively represent light absorption components other than Hb 
and HbOa, and a . Q respectively represent light absorption characteristics by 
Hb, HbOa. 

Then, a . jS are respectively expressed as: 

01= £ Hb I Chb + £ Hb02 I CHb02 
^ = E Hb J Cnb + ^ Hb02 J CHb02 

wherein CHb02, Ch are respectively concentrations of Hb, Hb02 in a tissue, e Hb 
I, £ Hb02 I are respectively light absorptions of Hb, HbOa with respect to the light 
component 1 , and h Hb J and £ Hb02 J are respectively light absorptions of Hb, 
Hb02 with respect to the light component 2. 

The following relation is obtained with respect to the light component 1 
from formulas (1A), (1B): 

log (la/lo) = - Q! a' - B 

log (lb/lo) = -t^b'-B* 
Calculating the above expressions obtains the following: 

log (la/lb) 

= a (b' - a') + (B' - B) 
Assuming that the reflected light amount attenuates in terms of log (la/lb) = Ub, 
following formula (3) is obtained: 

lab = ot (b'- a') + (B-B') ... (3) 

Comparing the calculation result of formula (3) with a previously obtained 
calculation result is expressed as: 

U(N-1)= a (N-1)- (b' - a') + (B - B*) 

lab (N) = 01 (N) • (b' - a') + (B - B') 
The above relation is expressed as: 

lab (N) - lab (N-1 ) = { a (N) - a (N-1 )}(b'-a') 
Then, a (N-1 ), a (N) are expressed as: 

Q: (N) = £ Hb I • Cnb (N) + £ Hb02l • CHb02(N) 

a (N)- a (N-1) = £ Hb Hbl • {CHb(N) - CHb(N-l)} + £ Hb02l • {CHb02(N)} 

-CHb02(N-1)} 
= £ Hb' * ^ Cnb + £ Hb02l • ^ CHb02 

Consequently, the following relation is obtained: 

£ Hbl * A Cnb + £ Hb02l • ACHb02 

= {lab(N)-lab(N-1)}/(b'-a') ... (4A) 

Similarly, the light component 2 emitted from the light emitting diode 20B is 
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expressed as: 

B HbJ * AChb + £ HbOaJ * ACHb02 

= {Jab(N)-Jab(N-1)}/(b'-a') ... (4B) 

Based on formulas (4A), (48), the values A Chb, Cnboz, namely, 
respective variations of concentration of Hb, Hb02 are calculated. 

Providing three or more metering points (light receiving sections) and 
expressing lab, Jab as a regression line obtained by plotting out logarithms 
enables to improve measurement accuracy. Further, providing three or more 
light components in spectra of different wavelengths enables to improve 
measurement precision since the number of formulas corresponding to formulas 
(4A), (4B) increases. 

In the above embodiment, the light emitting diodes 20A, 20B 
respectively emit light components in spectra of wavelengths 670nm, 830nm. 
This is preferable because, as shown in Fig. 6, these wavelengths have 
excellent light transmittance on a tissue of a living body and it is suitable to 
select a wavelength ranging from 600 to 1300nm considering the fact that this 
invention was invented based on the feature that oxidation-type hemoglobin 
(HbOa) and reduction-type hemoglobin (Hb) have different light absorption 
characteristics. Particularly, as can be seen from Fig. 6, light absorptions of Hb 
and Hb02 are equal in a wavelength of 805nm. The reason for selecting a 
wavelength of light emitted from the light emitting diodes 20A, 20B from a 
certain range having a wavelength of 805nm as a median is that light absorption 
curve is reversed with respect to Hb and Hb02 with a wavelength of 805nm as a 
turning point and that the light absorption difference between Hb and HbOa is 
greater as the wavelength departs from this turning point. 

In an experiment where light components in spectra of wavelengths of 
670nm and 830nm were used to optically measure a bio-property of a rat, the 
light components are reflected and diffused on the tissue of the rat with the 
result that overall lengths of optical paths of respective light components are 
longer than the distances a, b respectively set for the first and second light 
receiving sections 22, 24. Although the substantial travelling distances a', b' of 
the light components are three to four times as long as the distances a, b, 
respectively, there could not be found a variation of distance with respect to the 
two light components. 

The inventors of this invention conducted an experiment using a rat 44 
as shown in Fig. 7 to verify that reflected light amounts calculated by 
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concentration conversion of Hb, Hb02 in a change of living body in accordance 
with the aforementioned Lambert-Beer law. 

In the experiment, the blood of the rat 44 was replaced with an artificial 
blood (fluorocarbon) by transfusing the artificial blood through a thigh 44A of the 
rat 44 by a pair of peristaltic pumps 46. By exchange transfusion, hematocrit 
(volumetric ratio of erythrocyte to blood) of blood changed. Thus, the reflected 
light amount on the living body was measured by changing concentration of 
hemoglobin in the tissue of the rat 44. 

In the biometer of carrying out the experiment, a light emitting diode 
which emits light in a spectrum of wavelength of 660nm and a laser diode which 
emits light in a spectrum of wavelength of 830nm were used as a light source. 
Linear distances from the light source to respective light receiving sections were 
set as 3.5mm, 5.5mm, 7.5mm, 9.5mm, and 10.5mm. The measurement result 
in the case where hematocrit is 42% is shown in Fig. 8, and the measurement 
result in the case where hematocrit is 5.5% is shown in Fig, 9 in which vertical 
axis represents logarithm of reflected light amount, and horizontal axis 
represents the distance. 

These graphs in Figs. 8 and 9 show that the reflected light intensities 
attenuate as a linear function in the case where the distance from the light 
source to the light receiving section is 3mm or longer. Thus, it was verified that 
Lambert-Beer law is established in the biometer of this invention. 

Also, by transforming the graphs of Figs. 8 and 9 into the graphs shown 
in Figs. 10 and 11 in which the gradient of the regression line obtained by 
plotting out the metering points in Figs. 8 and 9 (corresponding to lab, Jab in the 
aforementioned formulas) is set as vertical axis and hematocrit which is 
presumed to be proportionally changed in accordance with the concentration of 
hemoglobin in the tissue of the living body is set as horizontal axis, it was verified 
that hematocrit and coefficient (Ub, Jab) in Figs. 10 and 1 1 show a linear relation. 

The measurement result in Figs. 10 and 11 was obtained when the 
experiment was conducted with respect to a rat different from the one used to 
obtain the measurement result in Figs. 8 and 9. It was verified that a linear 
relation is established even if different individuals or living bodies are tested. 

An experiment with the use of the inventive biometer was conducted 
with respect to a human being. The measurement result is shown in Fig. 12 in 
which the vertical axis represents a gradient of a regression line obtained by 
plotting out metering points which are respectively set with five different 
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distances from the light source to the light receiving sections ranging fronn 3mm 
to 1 1 mm and the horizontal axis represents time. 

While the measurement on a human being was conducted, as shown in 
Fig. 13, the blood flow of the living body (human being) was temporarily 
suspended by a blood pressure cuff 48. 

As shown in Fig. 12, deoxidation state in blood was monitored with 
respect to an arm of a human being. 

In the embodiment, two kinds of light emitting diodes 20A, 20B are used 
as the light source 20. Alternatively, a laser diode or other light source may be 
used in place of the light emitting diode according to needs. 

Further, as an altered form, as shown in Fig. 14, a beam splitter 50 may 
be arranged in each recess to allow light of the light emitting diodes 20A, 20B or 
a laser diode or the like to emerge from the beam splitter 50 along the same 
optical axis. 

4. Brief Description of the Drawings 

Fig. 1 is a perspective view showing an embodiment of a biometer 
according to this invention. 

Fig. 2 is an enlarged sectional view taken along the line ll-ll in Fig. 1 . 

Fig. 3 is a circuit diagram showing essential part of the biometer. 

Fig. 4 is a perspective view showing the biometer in an enlarged state. 

Fig. 5 is a sectional view schematically showing the principle of 
measurement with use of the biometer of this invention. 

Fig. 6 is a graph showing light absorption characteristics of oxidation- 
type and reduction-type hemoglobins with respect to a wavelength. 

Fig. 7 is a block diagram showing how an experiment was conducted 
with respect to a mouse using the inventive biometer. 

Figs. 8 and 9 are graphs each showing a measurement result using a 
mouse in the experiment. 

Figs. 10 and 1 1 are graphs each showing a measurement result using a 
mouse different from the one used to obtain the experiment results shown in 
Figs. 8 and 9. 

Fig. 12 is a graph showing a measurement result in the case where a 
measurement was conducted using the arm of a human being. 

Fig. 13 is a perspective view showing a state how the measurement was 
conducted using the arm of a human being. 

Fig. 14 is a sectional view similar to Fig. 2 in which a light source 
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different from the one used in the embodiment is used. 



20A, 20B ... light emitting diode 
22 ... first light receiving section 
22A, 24 A ... photodiode 

24 ... second light receiving section 28 ... microcomputer 
38 ... imaginary straight line 



10 ... biometer 
14 ... arm 

18A to 18C ... recess 



12 ... frame body 
16 ... band member 
20 ... light source unit 



Attorneys: Keisuke MATSUYAMA 
Satoshi TAKAYA 
Takahiro MAKING 
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